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1. INTRODUCTION {#ags312338-sec-0001}
===============

Although the radical esophagectomy with three‐field lymphadenectomy (3FL) is widely accepted as the standard surgical procedure in the treatment of thoracic esophageal cancer in Japan,[^1^](#ags312338-bib-0001){ref-type="ref"} the procedure has long been under criticism[^2^](#ags312338-bib-0002){ref-type="ref"}, [^3^](#ags312338-bib-0003){ref-type="ref"}, [^4^](#ags312338-bib-0004){ref-type="ref"} and is not yet the world‐standard.[^5^](#ags312338-bib-0005){ref-type="ref"} However, as experience and the data have accumulated, its position in the therapeutic strategies for treating of esophageal cancer seems to be settled at least in the world of academic literature,[^6^](#ags312338-bib-0006){ref-type="ref"}, [^7^](#ags312338-bib-0007){ref-type="ref"}, [^8^](#ags312338-bib-0008){ref-type="ref"}, [^9^](#ags312338-bib-0009){ref-type="ref"}, [^10^](#ags312338-bib-0010){ref-type="ref"}, [^11^](#ags312338-bib-0011){ref-type="ref"} particularly in Asia. As many reviews and meta‐analyses have been published on this issue, I would like to avoid repetition, and instead share some comments and opinions on the past, present, and future of 3FL from the viewpoint of a Japanese esophageal surgeon.

2. PAST {#ags312338-sec-0002}
=======

Esophagectomy became one of the routine surgeries for esophageal cancer in 1960s. Following, the 1970s and early 1980s was a time for the pursuit of radicality. With few effective chemotherapeutic agents, surgeons tried to accomplish complete eradication of tumor cells by surgery in many fields. Meticulous and systematic studies on lymph node metastasis revealed the effectiveness of radical lymph node dissection typically in the field of gastric cancer treatment,[^12^](#ags312338-bib-0012){ref-type="ref"} and the concept of D2 or D3 lymphadenectomy was established. In the pursuit of radicality of esophageal cancer surgery, the unique position of a lymph node station was recognized. This was a group of nodes located high in the right paratracheal region just behind the root of the right subclavian artery.[^13^](#ags312338-bib-0013){ref-type="ref"}, [^14^](#ags312338-bib-0014){ref-type="ref"} This position had the highest incidence of lymph node metastasis from thoracic esophageal cancer, and its complete removal seemed to be crucial for better prognosis. This lymph node station, which is now classified as "106recR" by the Japan Esophageal Society[^15^](#ags312338-bib-0015){ref-type="ref"} (expressed in this article as "JES classification," explained in detail in a later paragraph), was given various names by many surgeons such as "highest nodes," "T(top)‐nodes," and "106S(superior)." As the investigation proceeded, Japanese surgeons became aware of the close relation of these nodes and the right recurrent laryngeal nerve, and the continuity of these nodes and the cervical paraesophageal nodes ("101" of JES classification[^15^](#ags312338-bib-0015){ref-type="ref"}) as the recurrent nerve chain.[^16^](#ags312338-bib-0016){ref-type="ref"} Because of the bilateral location of the recurrent nerve chain, the left paratracheal region also became included in the dissection, and the prototype of radical superior mediastinal dissection was formed.[^17^](#ags312338-bib-0017){ref-type="ref"} In this prototype of radical superior mediastinal dissection, lymph nodes in certain stations (as shown in bold italic font in Table [1](#ags312338-tbl-0001){ref-type="table"}) only on the mediastinal side (i.e., excluding "104" and "101" of JES classification) were dissected.

###### 

Numbers and descriptions of lymph node stations in JES Classification Numbers and descriptions in bold italic are stations routinely dissected in 3FL. Quoted with modification from 11th edition of Japanese Classification of Esophageal Cancer[^15^](#ags312338-bib-0015){ref-type="ref"}

                         Number of station                                 Description
  ---------------------- ------------------------------------------------- -------------------------------------------------
  Cervical               100                                               Superficial lymph nodes of the neck
  100spf                 Superficial cervical lymph nodes                  
  100sm                  Submandibular lymph nodes                         
  100tr                  Cervical pretracheal lymph nodes                  
  100ac                  Accessory nerve lymph nodes                       
  ***101***              ***Cervical paraesophageal lymph nodes***         
  ***101L***             ***Left cervical paraesophageal lymph nodes***    
  ***101R***             ***Right cervical paraesophageal lymph nodes***   
  102                    Deep cervical lymph nodes                         
  102up                  Upper deep cervical lymph nodes                   
  102mid                 Middle deep cervical lymph nodes                  
  103                    Peripharyngeal lymph nodes                        
  ***104***              ***Supraclavicular lymph nodes***                 
  ***104L***             ***Left supraclavicular lymph nodes***            
  ***104R***             ***Right supraclavicular lymph nodes***           
  Superior mediastinal   ***105***                                         ***Upper thoracic paraesophageal lymph nodes***
  ***106***              ***Thoracic paratracheal lymph nodes***           
  ***106rec***           ***Recurrent nerve lymph nodes***                 
  ***106recL***          ***Left recurrent nerve lymph nodes***            
  ***106recR***          ***Right recurrent nerve lymph nodes***           
  106pre                 Pretracheal lymph nodes                           
  106tb                  Tracheobronchial lymph nodes                      
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It had been known that nodes in the supraclavicular fossae or at the bilateral cervical venous angles ("104" of JES Classification[^15^](#ags312338-bib-0015){ref-type="ref"}) could be involved in the lymphatic spread of the thoracic esophageal cancer,[^18^](#ags312338-bib-0018){ref-type="ref"} but had long been considered the sign of far advanced disease and regarded as an expression of systemic tumor spread. The first report of the high incidence of cervical lymph node metastasis from thoracic esophageal cancer and the potential benefit of cervical lymphadenectomy was made by Sannohe.[^19^](#ags312338-bib-0019){ref-type="ref"}

These two trends were merged and the clinical studies of Japanese style 3FL were started almost simultaneously in many leading hospitals in the early 1980s. Due to the poor recognition of medical statistics, almost all the studies remained phase II trials.[^20^](#ags312338-bib-0020){ref-type="ref"}, [^21^](#ags312338-bib-0021){ref-type="ref"}, [^22^](#ags312338-bib-0022){ref-type="ref"}, [^23^](#ags312338-bib-0023){ref-type="ref"} As reports claiming superiority of 3FL compared to the historical control of 2FL accumulated, it became harder and harder for Japanese esophageal surgeons to undergo randomized controlled trial (RCT) between 3FL and 2FL. Detailed data of the distribution of lymph node metastasis were obtained, improved survivals were reported, and operative mortality, although once high, was successfully controlled through many modifications to operative technique and perioperative management.[^24^](#ags312338-bib-0024){ref-type="ref"}, [^25^](#ags312338-bib-0025){ref-type="ref"}

Although we had no evidence from RCTs, we tried to accumulate other types of evidence. In 1991, Isono reported the results of nation‐wide inquiring research, but the results had rather small impact probably because the included interval of the study was too early to get matured results.[^26^](#ags312338-bib-0026){ref-type="ref"} Many reports of institutional phase II trials were made.[^24^](#ags312338-bib-0024){ref-type="ref"}, [^25^](#ags312338-bib-0025){ref-type="ref"} One such report by Kato showed clearly improved prognosis by 3FL in 1996,[^27^](#ags312338-bib-0027){ref-type="ref"} but another report by Watanabe in 2000,[^28^](#ags312338-bib-0028){ref-type="ref"} analyzing the common database, claimed no difference. This apparent contradiction was understandable to Japanese surgeons because the control groups were not identical, but they raised confusion among foreign readers. These two reports revealed the need to distinguish the effect of complete dissection of bilateral recurrent nerve chain nodes and additional supraclavicular lymph node dissection. However, to differentiate the two was almost impossible because the two were too closely correlated in most of the studies. One small size RCT was reported in 1998 by Nishihira.[^29^](#ags312338-bib-0029){ref-type="ref"} In spite of a general trend of better prognosis in the 3FL group, the difference was statistically non‐significant, perhaps because of the small sample size. Since then, many different approaches using clinicopathological data have been reported.[^30^](#ags312338-bib-0030){ref-type="ref"}, [^31^](#ags312338-bib-0031){ref-type="ref"}, [^32^](#ags312338-bib-0032){ref-type="ref"}

The Japanese Society for Esophageal Diseases (JSED), which changed its name to the Japan Esophageal Society (JES) in 2003, first issued the common scale for the investigation of esophageal cancer in 1968 and named it "Guide Lines for Clinical and Pathologic Studies on Carcinoma of the Esophagus." It has been revised many times and is currently in its 11th edition with the name "Japanese Classification of Esophageal Cancer."[^15^](#ags312338-bib-0015){ref-type="ref"}, [^33^](#ags312338-bib-0033){ref-type="ref"} These series of editions of esophageal cancer classification are referred to as "JES Classification" or, more simply, "JES‐" as the prefix of a lymph node station in this article. JES classification has changed the categorization of the superior mediastinal and cervical lymph node stations step by step as a new edition was published. Figure [1](#ags312338-fig-0001){ref-type="fig"}A‐D shows how such changes have been made. In the 1st edition of the JES classification published in 1969, N‐category was limited from 0 to 3, and, at the time of its publication, N3 meant far advanced disease. Therefore, N3 in the 1st edition is plotted in Figure [1](#ags312338-fig-0001){ref-type="fig"} as if it was N4. It is easily understood that N‐grading number of superior mediastinal and cervical lymph node stations has generally been decreased, with the largest shift occurring in 1999 when the 9th edition was issued. The largest decrease of N‐number occurred in JES‐"101" (cervical paraesophageal nodes) with the recognition of the importance of recurrent laryngeal nerve chain. This cervical paraesophageal node station was clearly included in the regional nodes of thoracic esophageal cancer in the 7th UICC‐TNM system in 2009,[^34^](#ags312338-bib-0034){ref-type="ref"} but supraclavicular node group (JES‐"104") is still classified as extra‐regional nodes in the latest 8th edition regardless of the location of the tumor in the thorax in spite of much argument by Japanese surgeons.[^30^](#ags312338-bib-0030){ref-type="ref"}, [^31^](#ags312338-bib-0031){ref-type="ref"}, [^32^](#ags312338-bib-0032){ref-type="ref"}, [^35^](#ags312338-bib-0035){ref-type="ref"}

![Chronological changes of N‐grading of paratracheal and cervical lymph node stations in JES classification. vertical axis: N‐grade, horizontal axis: year of publication 1st edition: 1969, 2nd: 1972, 3rd :1973, 4th: 1974, 5th: 1976, 6th: 1984, 7th: 1989, 8th: 1992, 9th: 1999, 10th: 2007, 11th: 2015 N3 in the 1st edition is plotted on the level of N4 of later editions. (See text.). (A) Upper thoracic esophageal cancer (Ut). (B) Middle thoracic esophageal cancer (Mt). (C) Lower esophageal cancer (Lt). (D) Abdominal esophageal cancer (Ae)](AGS3-4-324-g001){#ags312338-fig-0001}

Japanese surgeons' preference of radical surgery represented by 3FL was once challenged by Japanese medical oncologists and radiologists in the 2000s. In 2003, Hironaka and Ohtsu reported[^36^](#ags312338-bib-0036){ref-type="ref"} a relatively good survival result of their small phase II study of definitive chemoradiation therapy, and claimed that the result had no statistically significant difference from that of their historical control of surgically treated patients. This report made a large temporary shift of patients from radical surgery to definitive chemoradiotherapy. In order to confirm this result, a larger scale phase II trial of JCOG9906 was carried out. The result of JCOG9906[^37^](#ags312338-bib-0037){ref-type="ref"} was worse than that of the pilot study by Hironaka. At almost the same time, Ando reported the result of JCOG9907,[^38^](#ags312338-bib-0038){ref-type="ref"} which compared survivals between neoadjuvant chemotherapy followed by radical surgery and radical surgery followed by adjuvant chemotherapy. Because the inclusion criteria of JCOG9906 and 9907 were very similar, the results of these two studies gathered large attention. The result was a preference for the test arm of JCOG9907, or neoadjuvant chemotherapy followed by surgery, which showed a 55% (46.7--62.5%) 5‐year overall survival rate, which was apparently better than the 36.8% (26.1--47.5%) of JCOG9906. Although these figures cannot be compared directly because the studies were separate, these results influenced another shift of patients back to surgery. Many reports on the increased risk of salvage surgery after definitive chemoradiation[^39^](#ags312338-bib-0039){ref-type="ref"}, [^40^](#ags312338-bib-0040){ref-type="ref"} acted as another wind for the surgery‐oriented strategy.

3. PRESENT {#ags312338-sec-0003}
==========

Many meta‐analyses and recent studies comparing 3FL and 2FL[^6^](#ags312338-bib-0006){ref-type="ref"}, [^7^](#ags312338-bib-0007){ref-type="ref"}, [^8^](#ags312338-bib-0008){ref-type="ref"}, [^9^](#ags312338-bib-0009){ref-type="ref"}, [^10^](#ags312338-bib-0010){ref-type="ref"}, [^11^](#ags312338-bib-0011){ref-type="ref"} generally report the tendency of better prognosis of the 3FL group. However, most of them have been written by Asian investigators, though some reports from Western countries also support the superiority of 3FL.[^41^](#ags312338-bib-0041){ref-type="ref"}, [^42^](#ags312338-bib-0042){ref-type="ref"} According to the analyses of our substantial data,[^32^](#ags312338-bib-0032){ref-type="ref"} cervical paraesophageal nodes (JES‐"101") have non‐negligible Efficacy Index for upper, middle, and even lower esophageal cancer. But the Efficacy Index of nodes in supraclavicular fossae (JES‐"104") for lower esophageal cancer is negligibly low. Tachimori reported the result of a similar study in 2016,[^31^](#ags312338-bib-0031){ref-type="ref"} which used the larger, nation‐wide database of JES registration. Although the approach of the two studies was similar, the calculated figures of the Efficacy Index by Tachimori were much higher. A possible explanation for this is that 3FL had been routinely applied to patients in Udagawa\'s report, while the data of JES registration in Tachimori\'s report had been much more biased by the hidden indication of 3FL in many different institutions, such as "applied only when cervical lymph node metastasis had been suspected preoperatively." Both reports concluded that JES‐"104" should be included in the regional lymph nodes of the thoracic esophagus, and that 3FL is strongly recommended for esophageal cancer located in the upper thoracic esophagus, is feasible for tumor in mid‐thoracic esophagus, but its feasibility is not clear for tumor in the lower thoracic esophagus.[^30^](#ags312338-bib-0030){ref-type="ref"}, [^31^](#ags312338-bib-0031){ref-type="ref"}, [^32^](#ags312338-bib-0032){ref-type="ref"}

There was another relatively large change in JES classification when its 11th edition was published in 2015. In the 11th edition, JES‐"104" was defined as N2 for tumors in the middle thoracic esophagus and N3 for tumors in the lower esophagus, and JES‐"101" became N2 for tumors in the lower esophagus. This means that bilateral JES‐"101" nodes should be dissected no matter if it is done from the mediastinal side or cervical side to accomplish D2 dissection for thoracic esophageal cancer including lower esophageal cancer, and 3FL is mandatory for middle thoracic esophageal cancer to make your dissection D2.

As discussed above, JES‐"101" (cervical paraesophageal nodes) and JES‐"104" (nodes in supraclavicular fossae) should be discussed separately. With the advance of operative technique particularly after the introduction of video‐assisted thoracic approach, surgeons began to feel that they could dissect nodes along the bilateral recurrent laryngeal nerves up to a much higher level than before. In the past age of open surgery, the nodes along the bilateral recurrent laryngeal nerves were JES‐"106rec" when dissected from the thoracic side and JES‐"101" when dissected from the cervical side. Actually, the recurrent nerve chain nodes are continual and there is no clear border line recognizable during operation between JES‐ "106rec" and JES‐"101." These days, many surgeons think that these nodes on the right side can all be dissected completely from the thoracic side with video‐assisted technique or even with open thoracotomy.[^43^](#ags312338-bib-0043){ref-type="ref"} Some surgeons claim that they can clear up also the left recurrent nerve chain nodes with thoracoscopic or robotic approach.[^44^](#ags312338-bib-0044){ref-type="ref"} If this is true, the mostly updated 2FL can include all JES‐"101" nodes in its dissection field, and converting it to 3FL only means the mere addition of bilateral JES‐"104". This means that we have to re‐evaluate the value of 3FL compared to 2FL. Adding to this, many reports have been trying to reduce the indication of 3FL by examining paratracheal lymph nodes dissected in the thoracic phase of the operation, regarding them as an indicator of possible tumor involvement in the supraclavicular nodes,[^45^](#ags312338-bib-0045){ref-type="ref"}, [^46^](#ags312338-bib-0046){ref-type="ref"}, [^47^](#ags312338-bib-0047){ref-type="ref"} although a warning against this strategy has been made from the result of sentinel node study.[^48^](#ags312338-bib-0048){ref-type="ref"} Many reports have been made which re‐evaluate and deny or limit the value of 3FL.[^49^](#ags312338-bib-0049){ref-type="ref"}, [^50^](#ags312338-bib-0050){ref-type="ref"}, [^51^](#ags312338-bib-0051){ref-type="ref"}, [^52^](#ags312338-bib-0052){ref-type="ref"} Some claim that because of the unique position of cervical (JES‐"104") lymph nodes, their metastases are easily detected by routine examination such as ultrasonography and the additional dissection of the supraclavicular fossa after the suspicion of metastasis rises is usually not difficult.[^53^](#ags312338-bib-0053){ref-type="ref"} There are several reports that cervical dissection deteriorates the swallowing function.[^54^](#ags312338-bib-0054){ref-type="ref"}, [^55^](#ags312338-bib-0055){ref-type="ref"} I personally think the main cause of the deterioration is the wide and thorough dissection of bilateral recurrent nerve chains, and that the addition of bilateral supraclavicular fossa dissection does not play an important role in this phenomenon. As is well known, the ventral‐dorsal positioning of nodes along the recurrent laryngeal nerves are different according to laterality.[^56^](#ags312338-bib-0056){ref-type="ref"}, [^57^](#ags312338-bib-0057){ref-type="ref"} Nodes on the left side of the trachea are more frequently located anterior to the left recurrent laryngeal nerve and this phenomenon becomes more obvious as the nodes are located in higher position. Although JES‐"101L" is described as left cervical paraesophageal nodes, its essential pathophysiological definition should be "the left recurrent nerve chain nodes in the cervical region". It is located usually anterior to the left recurrent laryngeal nerve and thus just on the left lateral or even anterior wall of the trachea. It is somewhat confusing because there is another lymph node station (JES‐"100tr") described as cervical pretracheal nodes. It is important to know that such left cervical recurrent nerve chain nodes are usually classified as JES‐"101L," not as JES‐"100tr." Therefore, I think it is necessary to approach from the cervical side to remove JES‐"101" nodes completely on the left side. Even on the right side, the highest node located just on the dorsal side of the recurrent nerve entering the larynx seems difficult to dissect from the thoracic side and it can be much safer to approach from the cervical side to avoid recurrent nerve palsy. Therefore, we still make it routine at our institution to apply 3FL to advanced thoracic esophageal cancer. However, as it is also true that a large portion of JES‐"101" can be dissected from the thoracic side, particularly on the right side, and as the metastases are dominant on the right, I suspect that a very large number of patients is needed to show the statistically significant survival benefit of 3FL if it is compared to 2FL with meticulous superior mediastinal dissection including most but not all of JES‐"101."

As discussed above, there are many factors within this issue that require our attention. We know that one very interesting RCT between 3FL and 2FL is underway in China,[^58^](#ags312338-bib-0058){ref-type="ref"} but its result, no matter positive or negative, should be examined carefully and critically.

4. FUTURE {#ags312338-sec-0004}
=========

Even if the most recent Chinese RCT[^58^](#ags312338-bib-0058){ref-type="ref"} results in the superiority of 3FL, because of dominance of adenocarcinoma in Western countries and their relatively low localization, it seems very difficult for surgeons in Western countries to accept 3FL as a standard surgery. On the other hand, squamous cell carcinoma of the esophagus seems to be regarded more as a disease for chemoradiotherapy than surgery, particularly in the United States. However, just as is reflected in the definition of regional nodes of the TNM system, at least the importance of superior mediastinal lymph nodes, including cervical paraesophageal nodes, has been accepted by Western specialists of esophageal cancer; as a next step, Japanese surgeons hope they at least include nodes in the supraclavicular fossae in the category of regional nodes of upper to middle thoracic esophageal cancer. For this reason, our participation in international studies such as "Worldwide Esophageal Cancer Collaboration,"[^59^](#ags312338-bib-0059){ref-type="ref"} "International Esodata Study,"[^60^](#ags312338-bib-0060){ref-type="ref"} and "TIGER study"[^61^](#ags312338-bib-0061){ref-type="ref"} is very important. While we are strangers, what we talk about may sound like a myth, but after we know each other, data will talk. I think it should be the real endpoint of "3FL issue" without RCT.

At the same time, advancement of diagnostic measures is very important. Until now, almost all the studies on diagnostic measures have revealed such measures to be far from sufficient to utilize them for the selection of suitable patients for 3FL. Only precise histopathological depth diagnosis of a very early tumor made by endoscopic removal such as EMR (endoscopic mucosal resection) or ESD (endoscopic submucosal dissection) can properly predict the possibility of metastasis.[^62^](#ags312338-bib-0062){ref-type="ref"} Sentinel node concept seems to be useful in selecting candidates for less invasive treatment from patients with relatively early stage tumors.[^48^](#ags312338-bib-0048){ref-type="ref"}, [^63^](#ags312338-bib-0063){ref-type="ref"}, [^64^](#ags312338-bib-0064){ref-type="ref"} However, these strategies utilizing EMR, ESD or sentinel node concept can all be feasible in early‐stage diseases and not many patients can benefit from them. If we can find an accurate diagnostic strategy to select patients who really need 3FL, 3FL will be more easily accepted.

Japanese surgeons should more deeply consider the implication of 3FL. Even after JES‐"101" and JES‐"104" are admitted as regional nodes, the therapeutic approach can be various including surgery, radiation, chemotherapy, and other newer modalities. The analysis of data obtained by 3FL tells us that JES‐"101" and JES‐"104" are regional nodes. Surgical removal seems more reliable than other measures such as chemotherapy or radiotherapy. However, all such facts are stated in terms of relativity, and all the therapeutic measures are associated with complications. If some therapy other than surgery can yield similar or better results with less complications, it can replace the role of 3FL. The current standard treatment strategy for thoracic esophageal cancer in Japan (i.e., neoadjuvant chemotherapy with 5FU and cisplatin followed by radical surgery represented by 3FL) is questioned by Western standards, and the result of JCOG1109[^65^](#ags312338-bib-0065){ref-type="ref"} is awaited. We have to focus on the pathological results of JES‐"101" and JES‐"104" of the protocol with best survival rate proved in JCOG1109 and compare them to their counterparts of the JCOG9907. This investigation may further change the value of 3FL. At the same time, we have to evaluate many other newer treatments and their combination with current therapeutic strategies including definitive chemoradiation because there have also been many advances in the field of chemoradiation. Now, we have high confidence in our surgery, in its effectiveness and safety. But if we stick to it too adamantly, it looks like a kind of religion and too far from science. It is true that the majority of Japanese surgeons expect that 3FL will remain in the mainstream of surgical options, but I honestly think that the possibility may not be so high. Instead, the essence of 3FL -- that cervical paraesophageal nodes and nodes in the supraclavicular fossae are the regional nodes of thoracic esophageal cancer -- should remain.
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